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Abstract. The global community is in panic with fear of changing climate. Though 
it is very difficult to experience phenomenon of climate change but we can say that the 
climate is showing huge variability. To understand the impact of human on climate and 
vice-versa the knowledge of climate variability is necessary and moreover it helps in 
prediction of future trends of climate. In this paper spatio-temporal analysis of climate 
variation has been done by using interpolation technique.  About 61 % of total area of India 
has dry climate and its typical example is western part of Rajasthan. In the Western 
Rajasthan during last 31 years the temperature has shown a great variability with an 
average rise of about 0.5 
o
C for the month of June and 0.8 
o
C for the month of January. 
During the same period the average annual rainfall has shown a decrease of 50 mm. With 
an overall rise in temperature over the region and changing precipitation trends the 
humidity provinces as defined by Thornthwaite, have shifted eastward. The climate 
variability studies can help to identify vulnerability of a region towards climate change 
which further helps in formulation of mitigation and adaptation strategies.  
 
Keywords: temperature variability; precipitation trend; humidity provinces; 
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I. INTRODUCTION 
The existence of mankind faces a serious threat in form of Global Climate 
Change. No group, society, sector or country is unaffected by this problem, though 
the vulnerability to it differs with income level and state of environment. The most 
vulnerable group includes poor and tribal people, who are completely and directly 
dependent on natural resources. The vulnerability goes on increasing with 
depletion of these resources and passing time. Whatever might be the nature of 
climate change that bound to occur in a region, the outcome would be disruption of 
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normal human activity. And, now the climate is changing due to human actions. 
Despite efforts to abate the human causes, human-driven climate change will 
continue for decades and longer (IPCC, 2001b). Global climate change, which has 
already impacted natural resource systems across the Earth, is adding to the 
pressures and is expected to substantially disrupt many of these systems and the 
goods and services that they provide (Millennium Ecosystem Assessment, 2005).  
When we talk about vulnerability to climate change, the developing 
countries stand on the frontline. The changes in climate are likely to impact 
developing countries significantly, where natural-resource dependency is high 
(Thomas and Twyman, 2005).  The factors that make India most vulnerable are its 
fast growing population, depleting natural resources, high dependence of the 
majority of the population on climate-sensitive sectors like agriculture and forestry, 
and lack of infrastructure resulting into a large number of poor people, 
malnourished children and mothers, deprived marginal class and large unskilled 
labor population. The dry regions of India are very low on natural resources that 
make it highly susceptible to loss by climate change. The problem is further 
intensified by unsustainable agricultural practice which leads to water losses, soil 
degradation and permanent abetment of land.  
Global change effects due to changes in the nature and size of pulsed water 
events and increased asynchrony of water availability and growing season will 
have likely impacts on biogeochemical cycling in water-limited ecosystems 
(Ravetta and Schaeffer, 2004). The solution to this problem lies in traditional 
techniques and local knowledge, which contribute in building adaptive capacity of 
the system in a sustainable manner to cope with climate change. But, prior to 
vulnerability studies it is important to find the degree of climatic variability. In this 
paper, the focus is to measure the change in climatic components in dry regions of 
India, on the basis of which further mitigation plans could be chalked out. 
Climate change is not a new phenomenon. Earth’s climate is in a state of 
change since the origin of the planet. In the past climate change was totally induced 
by nature, either due to periodical solar changes or by Earth’s tectonic activity. But, 
in present time the climate change is more anthropogenic in nature. Also, there are 
differences in rate of climate change. At present the change is occurring at far 
higher pace compared to rate of past. The ability of man to predict the future 
conditions in respect to present situation is also responsible to create panic about 
climate change. However, this ability is also useful in identifying most vulnerable 
sectors and communities, so that a better mitigation strategy can be adopted.  
Climate change is the result of many factors including the dynamic 
processes of the Earth itself. Major factors affecting climate include land use 
change, ozone depletion, and deforestation, are also of concern in the roles they 
CLIMATE VARIABILITY IN DRY REGIONS OF INDIA… 
61 
 
play - both separately and in conjunction with other factors (Min et al., 2011). An 
increasing body of evidence suggests that the global average surface temperature 
has increased over the 20
th
 century by about 0.6+0.2
o
C (IPCC, 2001a). According 
to the World Meteorological Organization (WMO), the decade of 1998-2007 is the 
warmest on record. The global mean surface temperature for 2007 is currently 
estimated at 0.4 °C above the 1961-1990 annual average of 14 °C. Sahu et al. 
(2011) did a scientific analysis to link the stream flow variability with rainfall and 
sea surface temperature variations over the Indian and Pacific Ocean. The observed 
stream-flow discharge data from 1974-2008 at the Nanjung station, the down most 
outlet of the upper catchment, shows a strong correlation with the Indian Ocean 
Dipole and El Nino/Southern Oscillation (ENSO) events. 
Considering a range of equilibrium climate change scenarios which project 
a temperature rise of 2.5
o
C to 4.9
o
C for India, Kumar and Parikh (2001) showed 
that even with farm-level adaptations, the impacts of climate change on Indian 
agriculture would remain significant. They estimated that with a temperature 
change of +2°C and an accompanying precipitation change of +7 %, farm level 
total net-revenue would fall by 9 %, whereas with a temperature increase of +3.5°C 
and precipitation change of +15 %, the fall in farm level total net-revenue would be 
nearly 25 %.  
According to Sen Roy and Singh (2002) changing climate elements and 
their extremes will significantly alter productivity in agriculture and forest 
ecosystem, which in turn will affect the socio-economic conditions of many 
societies.  With fast urbanization and vehicular growth, the Indian cities are 
becoming hotter and becoming more vulnerable to climate change. Delhi 
experienced extreme high temperatures of prolonged duration during the daytime, 
increasing heat-related risks (Sen Roy et al., 2011). Extreme events within the 
variability of the climate system are, by far, the largest cause of natural disasters 
worldwide each year (Kininmonth, 2004). 
The predicted impact of climate change on arid region is that they are 
likely to become more extreme. Desertification is more likely to become 
irreversible if the environment become drier and the soil become further degraded 
through erosion and compaction (Singh, 1994).  There are other problems 
associated with some water bodies in the region, especially in areas of high human 
density (Singh, 1984). In these areas, habitat degradation often is important, 
causing many semi-enclosed water bodies to become eutrophic (Kharin, 1995). 
Dryland salinization is also having an impact on water quality in some countries 
where groundwater is contaminated with salt; in other countries (e.g., Oman and 
United Arab Emirates), seawater has intruded into freshwater aquifers (UNEP, 
1997). 
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II. STUDY AREA: WESTERN DRY REGION OF RJASTHAN, INDIA 
Rajasthan alone accounts for about 61.9 % of the total arid area of the country, 
spread over 12 districts of the western Rajasthan. The study area covers the western 
arid region of Rajasthan. It is located in the north-western part of India between 
24
o
31' to 30
o
12' north latitudes and 69
o
15' to 76
o
42' east longitudes. It is surrounded 
by Punjab in north, Gujarat in south, Pakistan in west and Aravalis in east (Fig. 1).  
 
 
Fig. 1. Location of study area 
 
The temperatures are very high due to low clouding and maximum solar 
insolation. Summers are hot and dry while winters are cool and dry with average 
maximum and minimum temperatures of 35
o
C and 6
o
C respectively. The hottest 
months are from May to September while coldest temperature is normally in 
January (Table 1). The rainy season starts from the first week of July and extends 
upto the first week of September. It lasts for half to 2 months only. The average 
annual rainfall in the region is 343.7 mm with 16 rainy days (Table 2). The 
deficiency of rainfall is a common feature and the averages are made up of 
occasional large excesses. Thus, most of the rain falls as a few heavy showers 
otherwise the weather remains dry. 
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Table 1. Monthly average temperature (in 
o
C) of all weather stations (2005-2010) 
Location Barmer Bikaner Churu Ganganagar Hanumangarh Jaisalmer 
Jan 18 14.8 14.8 14.5 14.7 16.7 
Feb 19 17.8 17.9 16.5 16.9 17.6 
Mar 26 24.6 24.6 22.6 22.9 24.6 
Apr 31.2 30.8 31.1 30.1 30.9 30.7 
May 34 34.8 34.9 35 34.8 34.5 
Jun 33.8 35.9 35.4 36 35.4 35.2 
Jul 30.3 32.7 32.6 33.6 33.3 31.8 
Aug 29.9 32.2 31.5 33 32.3 31.3 
Sep 30.7 30.8 30 30.5 29.8 30.9 
Oct 28.6 27.4 27.4 26.9 27 27.7 
Nov 23.2 22 22.1 21.8 21.9 21.9 
Dec 19 16.5 16.7 15.8 16.2 17 
Avg 27 26.7 26.6 26.4 26.3 26.7 
Location Jalore Jhunjunu Jodhpur Nagaur Pali Sikar 
Jan 18.3 14.6 16.7 16.1 17 15.3 
Feb 20 17.4 19 18.9 19.5 17.9 
Mar 26.6 24 25.9 25.7 26 24.5 
Apr 31.6 30.4 31.4 31.8 31.3 31 
May 34 33.9 34.3 35.1 33.6 34.5 
Jun 33.3 33.9 34.3 34.8 32.6 34.3 
Jul 30.2 31.8 31.2 31.9 29.8 31.8 
Aug 29.2 30.1 30.7 30.5 28.5 30 
Sep 30 28.5 30.8 30.4 29.3 29.1 
Oct 29.2 26.8 28.2 28 28.1 27.2 
Nov 24.3 21.5 23.3 23.3 23.8 22.1 
Dec 20.5 16.8 18.8 18.9 20.3 17.5 
Avg 27.3 25.8 27.1 27.1 26.7 26.3 
Source: India Meterological Department, 2011 
 
The hot arid region of western Rajasthan is highly prone to wind erosion and 
represents a fragile ecosystem which has resulted from a continued effect of various 
natural processes such as low and erratic rainfall, intense heat, high evaporation, low 
relative humidity, poor edaphic conditions, high biotic pressure, high wind speed, etc. 
The agricultural productivity in the region remains limited due to unconducive 
environment, limited choice of crops and extreme weather conditions. About 38 % of 
total population of the state with a density of 137 persons per km
2
 (as per census 2011) 
area lives in the arid region. This makes it one of the most densely populated deserts of 
the world.  
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Table 2. Monthly average precipitation (in mm) of all weather stations (2005-2010) 
Year Barmer Bikaner Churu Ganganagar Hanumangarh Jaisalmer 
Jan 0 1.8 4 1.1 1.2 0.2 
Feb 4.6 21.3 14.6 11.3 10.8 3 
Mar 6.4 10.8 13 6.3 6.1 8.9 
Apr 4.6 6.6 9.2 6.6 6.3 0.9 
May 3.8 14.3 40.7 14.9 21.2 3.9 
Jun 20.7 28.4 59.2 37 58.6 25.6 
Jul 68 56.7 115.7 62 101.3 91.4 
Aug 119.6 30.4 89.7 37.6 62.4 117.9 
Sep 23 31.9 42.9 15.6 19.9 15.7 
Oct 2.4 9.7 2.2 0 0.4 3 
Nov 0 0.8 0.1 1.1 0.7 0 
Dec 3.7 2.1 1.4 2.7 2.7 3.2 
Annnual 256.7 214.8 392.7 196.2 291.6 273.7 
Year Jalore Jhunjunu Jodhpur Nagaur Pali Sikar 
Jan 0.1 3.4 0.1 0.6 0 1.3 
Feb 10 17.6 5 13.9 8.3 10.2 
Mar 1 19.1 1.6 4 3.2 5.9 
Apr 4.5 10.1 7.2 6.6 4 5.9 
May 4.2 38.3 10.8 11.8 5.7 27.4 
Jun 46.8 64.1 45.8 50.4 70.3 80.2 
Jul 160.8 103.1 132.1 102.2 227 140.7 
Aug 128.5 117.6 114.6 106 168.5 87.3 
Sep 36.7 64.9 53.8 47.4 47.9 24.3 
Oct 9 5.1 3.2 4 4.6 0.8 
Nov 0.3 0 0 0.6 0.1 0.2 
Dec 1 2.7 0.8 0.7 0.4 2.7 
Annnual 402.9 446 374.9 348.1 540.1 386.9 
Source: India Meterological Department, 2011 
 
III. RESEARCH METHODOLOGY  
III.1. DATABASE  
The secondary data sources for trend analysis of temperature and 
precipitation include historical data pertaining to period 1976 to 2006 of WMO 
standard with respect to average monthly rainfall, monthly average temperature, 
monthly maximum temperature, monthly minimum temperature and number of 
rainy days. 
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The primary source of 
data is India 
Meteorological 
Department (IMD). The 
shift in climate belts has 
been analysed based on 
datasets of period 1970 
to 1980 and 2000 to 
2010. The averages of 
both the periods have 
been taken to remove 
any annual bias and 
average has been 
plotted for the year 
1976 and 2006 
respectively and further 
have been used for 
change detection (Fig. 
2). 
 
Fig. 2. Methodological framework 
 
III.2. DATA ANALYSIS 
The temporal and spatial analysis of data has been done by using moving 
average (five years). This tool is used to find out the trend of temperature and 
rainfall variation over the years. Thornthwaite and Mather (1955), moisture index 
is useful in division of climate of a year into various types. The comparison of 
moisture indices of each month of a certain year with previous years is helpful in 
determining changes in climate for particular months in a year. Maps are used to 
determine the spatio-temporal change in temperature and precipitation. Maps were 
prepared by plotting climate data of 12 meterological stations situated at 
headquarter of each district. Erdas 8.4, Arc View 3.2 and Arc GIS 10.0 software’s 
were used for this purpose.  
 
 Thornthwaite’s Moisture Index and Climate Classification 
In 1948, Thornthwaite proposed a new classification of climate, which is 
his most important contribution. His second classification is based on the concept 
of potential evapotranspiration, which represents the amount of moisture that 
would be transferred to the atmosphere by evaporation of liquid or solid water plus 
transpiration from living tissues, principally plants, if no moisture stress is present. 
The potential evapotranspiration (PE) is calculated from the mean monthly 
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temperature (t, in °C), with corrections for day length. For a 30-day month (12-
hour days):  
 
PE (in cm) = 1.6 (10t/I)
a
 
 
where  I = the sum of 12 months of (t/5)
 l.514
  
   
a = (6.75x10
-7
 x I
3
) – (7.71x10-5I2 + 1.79x10-2I + 0.49239). 
 
The monthly water surplus (S) or deficit (D) is calculated from a moisture budget 
assessment including stored soil moisture. A moisture index (Im) is given by the 
following formula:  
Im = (100S-60D)/PE 
 
The most characteristic feature of this classification scheme is that the 
temperature efficiency is calculated from the PE value, this being a function of 
temperature. Using computed indices of moisture and heat; Thornthwaite (1948) 
defined the humidity province based on moisture index.  
 
IV.  RESULT AND DISCUSSION    
IV.1. TEMPERATURE CHANGE 
According to the 2007 Fourth Assessment Report by the Intergovernmental 
Panel on Climate Change (IPCC), global surface temperature increased 
0.7 ± 0.1 °C during the 20th century. Most of the observed temperature increase 
since the middle of the 20th century was caused by increasing concentrations 
of greenhouse gases, which results from human activity such as fossil fuel burning 
and deforestation. Climate model projections summarized in the latest IPCC report 
indicate that the global surface temperature is likely to rise a further 1.1 to 
6.4 °C during the 21st century. Observations over India show that the mean 
annual surface air temperature has increased by 0.4
o
C in the last 100 years 
(Hingane et al., 1985). Subsequently, Rupa Kumar et al. (2002) indicated that the 
warming trend over India has been reported to be about 0.5
o
C per 100 years. 
In the Western Rajasthan during last 31 years (1976-2006) the temperature 
has shown a great variability with an average rise of about 0.5
o
C for the month of 
June. Comparing the averages of periods 1970-1980 and 2000-2010 it has been 
observed that the temperature rose from average temperature of 33.2
o
C in 1976 to 
33.7
o
C in 2006 (Fig. 3). Though the temperature graph shows a decline in 
temperature in latter part but temperature has again shown rising trend from year 
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2005. The maximum rise is visible during 1995-2000. Whereas for the month of 
January, the average rise in temperature is about 0.8 
o
C during last 31 years (1976 - 
2006). The average monthly temperature for January has increased from 15.1 
o
C in 
1976 to 15.9 
o
C in 2006 (Fig. 4). The temperature rise for January is more 
consistent and the fluctuations are not so abrupt as compared to June. This rise in 
temperature is mainly attributed to global rise in GHG concentration but along with 
that the local factor influencing the temperature rise is increased cloud cover during 
winter months. 
 
 
Fig.3. Temperature trend over last 31 years in the month of June 
 
 
Fig. 4. Temperature trend over last 31 years in the month of January 
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Maps depicting spatio-temporal change in temperature over the region 
have been constructed for two different seasons i.e. summer (June) and winter 
(January). On analyzing these maps it is clear that the temperature change ranges 
between 0 to 0.8 
o
C during summer months with western section experiencing 
highest change between 0.6 to 0.8 
o
C in the month of June over the years. The 
main districts which experience the maximum change are western Bikaner, 
southwest Ganganagar and northern Jaisalmer. A rise of 0.4 to 0.6 
o
C has been 
observed in Central Ganganagar, western Bikaner, northern and eastern Jodhpur, 
central and southern Jaisalmer, northern Barmer and eastern Pali. Nagaur, eastern 
Ganganagar, western Hanumangarh, central Churu, central Jodhpur, central Pali 
and central Barmer have observed a rise of 0.2 to 0.4 
o
C. The least change in 
temperature i.e. 0 to 0.2 
o
C have been seen in Sikar, Jhunjhunu, Jalore, eastern 
Hanumangarh, eastern Churu, southern Pali and southern Barmer (Fig. 5A). 
 
 
Fig. 5. Spatio-temporal change in temperature for the month of June (A) and January (B) 
 
For winter season the maximum change noticed is of 1.0 to 1.2 
o
C and 
minimum of 0.2 to 0.4 
o
C. The rise in temperature has been grouped in five classes 
viz, very high (1.0 – 1.2 oC), high (0.8 – 1.0 oC), moderate (0.6 – 0.8 oC), low (0.4 
– 0.6 oC) and very low (0.2 – 0.4 oC). The trend of temperature rise in winter 
months is just reverse of what we found in summer season. Very high temperature 
rise has occurred in southern Jhunjhunu, eastern Nagaur, western Barmer and 
western Jalore. High change has occurred in northern Jhunjhunu, southern Churu, 
western Nagaur, eastern Jodhpur, eastern Pali, western Jaisalmer, central Barmer 
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and central Jalore. Moderate change in temperature has been observed in southern 
Sikar, Central Churu, south-eastern Bikaner, central Jodhpur, central Jaisalmer, 
eastern Barmer, eastern Jalore and western Pali. The northern Sikar, north central 
Churu, northern Ganganagar, western Hanumangarh, central Bikaner, northern 
Jodhpur and eastern Jaisalmer have experienced a low change in temperature. Very 
low change in temperature can be seen in southern Ganganagar, eastern 
Hanumangarh, northern Churu and western Bikaner (Figure 5B). 
 
IV.2. PRECIPITATION CHANGE 
Changes in temperature provide a fundamental constraint on precipitation 
amount and type through the water vapor content of the air. The conceptual basis 
for changes in precipitation has been given by Trenberth (1999), Allen and Ingram 
(2002), Trenberth and Stepaniak (2003a), and Held and Soden (2006). As climate 
varies or changes, several direct influences alter precipitation amount, intensity, 
frequency, and type. Warming accelerates land-surface drying as heat goes into 
evaporation of moisture, and this increases the potential incidence and severity of 
droughts, which has been observed at several places in world (Dai et al., 2004). 
The Western Rajasthan suffers from scarcity of rainfall. The average 
annual rainfall in the region is measured to be 343.7 mm per year and above that 
the rainfall pattern in the region shows large variability and has never been 
consistent. The scarcity accompanied by variability creates water stress conditions 
in the region and is responsible for droughts. During last 31 years the average 
annual rainfall has shown a decrease of 50 mm, it was measured 400 mm during 
1976, which came down to 350 mm per year. The decrease in precipitation can be 
attributed to rising temperature. As the temperature increases, the moisture holding 
capacity of atmosphere increases and thus, the condensation is delayed till further 
addition of moisture to the atmosphere leading to decrease in precipitation.  
Spatially, change in precipitation has been observed in Western 
Rajasthan. It has increased in western section while eastern sector has shown a 
decrease. Highest increase of 50-100 mm in precipitation can be noticed in 
southern tip of the region comprising western Jalore and southwest Barmer 
districts. Besides, western and some north section including south Ganganagar, 
south-western Hanumangarh, western Churu and Jodhpur, north Barmer, 
eastern Jalore and complete Bikaner and Jaisalmer registered an increase of 0 to 
50 mm in precipitation. The increase in rainfall is attributed to increase in 
irrigation through Indira Gandhi Canal which subsequently increases the 
amount of humidity in air thereby leading to increase in precipitation.  Rainfall 
shows a decreasing trend towards eastern section. Further decrease of 0 - 50 
mm in rainfall can be seen in a linear belt from north to south covering north 
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Ganganagar, north and north-east Hanumangarh, eastern Churu, western Sikar, 
Jhunjhunu and, Nagaur, eastern Jodhpur, and western Pali.   
Eastern Sikar and Jhunjhunu, central Nagaur and Pali have shown a 
significant rise of 50 to 100 mm in rainfall. A small part of the region covering 
districts of the south-eastern Nagaur and eastern Pali has witnessed a very high 
decrease in rainfall over the years up to 100 to 150 mm (Fig. 6).  
 
 
Fig. 6. Spatio-temporal change in annual precipitations over last 31 years 
 
In semi-arid and arid environments, rainfall is short-lived and often very 
intense. Where groundwater recharge occurs after flood events, changes in the 
frequency and magnitude of rainfall events will alter the number of recharge events 
(IPCC, 1996). 
 
IV.3. WATER VAPOR 
In the lower troposphere, condensation of water vapor into precipitation 
provides latent heating, which dominates the structure of tropospheric diabatic 
heating (Trenberth and Stepaniak, 2003a,b). Water vapor is also the most important 
gaseous source of infrared opacity in the atmosphere, accounting for about 60 % of 
the natural greenhouse effect for clear skies (Kiehl and Trenberth, 1997), and 
provides the largest positive feedback in the model projections of climate change 
(Held and Soden, 2006; Karl and Trenberth, 2003). Basic effects of radiation of 
greenhouse gases (GHGs) and water vapor play a vital role in determining the 
variation in climate over large areas of the globe. In particular, they are critical for 
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determining the variations of the climate change during the seasons and across the 
regions of Rajasthan. With a warmer atmosphere, more water evaporates from the 
oceans and the land. However, if the vapor condenses, thus forming more clouds, 
the solar radiation reaching the surface will decrease leading to lowering of 
temperature. On the other hand, if the water vapor stays mainly as uncondensed 
vapor, it helps absorb the long-wave radiation from the ground and adds to the 
‘greenhouse’ heating of the atmosphere. 
 
 
Fig. 7. Correlation between change in vapor pressure and change in temperature for western 
Rajasthan 
 
In the case of Western Rajasthan, the amount of water vapor has increased 
over the past 31 years. The average increase noticed in vapor pressure over 
Western Rajasthan is of 6 hPa i.e. it raised from 186 hPa in 1976 to 192 hPa in 
2006, a change of about 3 %. But important to note about water vapor is that the 
increase in vapor pressure is leading to increase in temperature. The correlation 
coefficient between change in vapor pressure and change in temperature is 0.87, 
which depicts that both are positively correlated and have high correlation (Fig. 7). 
 
IV.4. CLOUD COVER 
Many meteorological phenomena that change rapidly in time and space 
significantly affect the mean state of the climate system. Among these are cloud 
cover variations, which significantly and immediately alter the heat balance of the 
earth’s climate system on an hourly time scale, but their effects are profound from 
seasonal through decadal timescales (Kaas and Frich, 1995 and Abakumova et al., 
1996). Clouds have a crucial role to play in the weather and climate of Rajasthan, 
especially during the monsoon months. The measured cloud cover available from 
the IMD archive for the period 1976–2006 has been examined over twelve major 
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Western Rajasthan cities, i.e. Barmer, Bikaner, Churu, Ganganagar, Hanumangarh, 
Jaisalmer, Jalore, Jhunjhunu, Jodhpur, Nagaur, Pali and Sikar representing the arid 
and semi-arid part of Rajasthan.  The analyses of cloud cover show that the cloud 
cover in monsoon period i.e. during month of July, August and September has 
decreased by about 10 %. Whereas, during the months of October, November and 
December the cloud cover has increased by about 30 %. The reason behind 
highrise of temperature during winter season as compared to summer season is 
attributed to increase in cloud cover.  
 
IV.5. CHANGE IN HUMIDITY PROVINCES 
With an overall rise in temperature over the region and changing 
precipitation trends, the humidity provinces as defined by Thornthwaite have 
shifted eastward on an average by 60 kilometers. Maximum shift is found in the 
central part and least in southern part of the region.  In 1976, the arid region 
consisted of Barmer, Bikaner and Ganganagar along with western parts of Churu, 
Hanumangarh, Jalore and Jodhpur, but according to 2008 meteorological datasets, 
eastern parts of Churu, Hanumangarh and Jodhpur, and western parts of Jhunjhunu, 
Nagaur, Pali and Sikar have been added to arid type of humidity province. The 
semi-arid type of province did not include eastern margins of Pali and Sikar, but 
now the earlier recorded dry sub humid type of conditions in these two parts of 
region are replaced by semi-arid conditions (Fig. 8). 
 
V. CONCLUSION 
The climate of Western Rajasthan has shown changes. There is an average 
rise of 0.5 
o
C in temperature over the region. The rise in winter temperature is 
almost the double of rise in summer temperature. Spatially the western part of the 
region has experienced greater change in temperature than the eastern part during 
summer months, whereas this trend is reversed during winter months. The rise in 
temperature experienced over the years in winter season is greater in eastern parts 
than in western. The rainfall pattern shows dual characteristics. The annual average 
rainfall has increased in western part but at the same time it has decreased in 
eastern part of the region. The precipitation trend during 1976-2006 has been very 
variable but an average decrease has been noticed in the annual precipitation. The 
underlying mechanism behind these changes is the rise in GHGs concentration, 
though there is no big source of GHG in the region but still it is affected by global 
rise in GHG’s concentration. The local factors affecting the rise in temperature are 
increase in water vapor content in atmosphere, increased cloud cover over the 
region and increased dust concentration in the atmosphere (Henriksson et al., 2011). 
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A. B.
C. D. 
Fig. 8: (A) Thornthwaite climate regions in 1976; (B) Thornthwaite climate regions in 
2006; (C) Change in Thornthwaite’s climate region over 1976-2006; and (D) No Change 
regions.  
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